The randomized pivotal phase III FIRST trial (Frontline Investigation of lenalidomide/dexamethasone [Rev/Dex] versus Standard Thalidomide; IFM 2007-01/ MM-020; clinicaltrials.gov identifier: 00689936; EudraCT No. 2007-004823-39) compared the efficacy and safety of Rd, administered continuously until progressive disease (PD) or for a fixed 18-month duration (Rd18), with MPT given for 18 months in NDMM patients who were aged 65 years or over, or who were aged under 65 years and ineligible for stem cell transplantation. Continuous Rd showed improved progression-free survival (PFS) and overall survival (OS) benefit at interim analysis compared with MPT. 19 Although extending survival is clearly the ultimate treatment ©2015 Ferrata Storti Foundation. This is an open-access paper. doi:10.3324/haematol.2014 The online version of this article has a Supplementary Appendix. Manuscript received on November 14, 2014. Manuscript accepted on March 6, 2015 We compared the health-related quality-of-life of patients with newly diagnosed multiple myeloma aged over 65 years or transplant-ineligible in the pivotal, phase III FIRST trial. Patients received: i) continuous lenalidomide and low-dose dexamethasone until disease progression; ii) fixed cycles of lenalidomide and low-dose dexamethasone for 18 months; or iii) fixed cycles of melphalan, prednisone, thalidomide for 18 months. Data were collected using the validated questionnaires (QLQ-MY20, QLQ-C30, and EQ-5D). The analysis focused on the EQ-5D utility value and six domains pre-selected for their perceived clinical relevance. Lenalidomide and low-dose dexamethasone, and melphalan, prednisone, thalidomide improved patients' health-related quality-of-life from baseline over the duration of the study across all pre-selected domains of the QLQ-C30 and EQ-5D. In the QLQ-MY20, lenalidomide and low-dose dexamethasone demonstrated a significantly greater reduction in the Disease Symptoms domain compared with melphalan, prednisone, thalidomide at Month 3, and significantly lower scores for QLQ-MY20 Side Effects of Treatment at all post-baseline assessments except Month 18. Linear mixed-model repeatedmeasures analyses confirmed the results observed in the cross-sectional analysis. Continuous lenalidomide and low-dose dexamethasone delays disease progression versus melphalan, prednisone, thalidomide and has been associated with a clinically meaningful improvement in health-related quality-of-life. These results further establish continuous lenalidomide and low-dose dexamethasone as a new standard of care for initial therapy of myeloma by demonstrating superior health-related quality-of-life during treatment, compared with melphalan, prednisone, thalidomide.
Introduction
Multiple myeloma (MM) is an incurable hematologic malignancy that mainly affects elderly individuals, and is characterized by the proliferation of plasma cells. 1 Five-year relative survival rates have been shown to diminish with increasing patient age; however, improved survival rates have been reported in newly diagnosed MM (NDMM) patients in recent years since the introduction of novel agents such as thalidomide, lenalidomide, and bortezomib. [2] [3] [4] Melphalan and prednisone (MP) combined with thalidomide (MPT) or bortezomib (MPV) are considered standard first-line treatment options in elderly NDMM patients who are ineligible for autologous stem cell transplantation. [5] [6] [7] [8] [9] [10] [11] [12] [13] Although lenalidomide in combination with low-dose dexamethasone (Rd) is an established standard treatment option in patients with relapsed/refractory MM, recent data have emerged on the efficacy of this combination in patients with NDMM.
goal of myeloma therapy, reducing disease-related symptoms and improving quality-of-life (QoL) are equally important. MM patients have a high symptom burden, including pain and fatigue, which are associated with reduced overall health-related QoL (HRQoL), particularly in relation to physical functioning. [20] [21] [22] [23] In this population, treatment objectives should be to improve disease management by delaying disease progression, optimizing response, and prolonging survival. In addition, it is particularly important in elderly patients to maintain QoL and minimize treatment-related toxicity and discomfort. 24, 25 Therefore, we incorporated patient-reported measures in the FIRST trial to determine if the choice of initial therapy regimen resulted in differences in symptom burden and HRQoL over time.
Methods

Trial design
The FIRST trial was a pivotal phase III, randomized, open-label, 3-arm, international study. Study details have been published previously. 18 Briefly, transplant-ineligible NDMM patients were randomized to continuous Rd in 28-day cycles until PD (n=535), to Rd18 (Rd in 28-day cycles for 18 cycles; 72 weeks) (n=541), or to MPT in 42-day cycles for 12 cycles (72 weeks) (n=547). HRQoL was a secondary end point, and data were collected for a maximum of 18 months or until PD using three validated questionnaires. For the purpose of this HRQoL analysis, and because the continuous Rd and Rd18 regimens were identical over the 18 months, the two lenalidomide arms were collated into one "Rd" arm in a post hoc fashion. The trial protocol was approved by each study site's Independent Ethics Committee or Institutional Review Board, and the study was conducted in accordance with the Declaration of Helsinki.
HRQoL assessments
HRQoL was evaluated with the myeloma-specific QLQ-MY20 questionnaire as well as with the general oncology-related QLQ-C30 and the generic EuroQoL EQ-5D surveys. [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] These questionnaires were administered in paper format at the hospital. Patients completed the questionnaires at several time points: baseline; at the end of Cycle 1 (after 4 weeks of treatment with Rd and after 6 weeks of treatment with MPT); after 3, 6, 12, and 18 months of treatment; and at study discontinuation. These questionnaires are among the most extensively validated in MM 36 and can be easily completed with minimal patient burden. 37, 38 The analysis focused on the EQ-5D utility value and six pre-selected and clinically relevant HRQoL domains: two from the QLQ-MY20 (Disease Symptoms and Side Effects of Treatment); and four from the QLQ-C30 (Global Health Status, Physical Functioning, Fatigue, and Pain). These domains were chosen before data analysis following a workshop discussion with hematologists, and were based on perceived clinical relevance. Full results from all domains are presented in the Online Supplementary Appendix and are generally in line with the results presented.
EQ-5D, QLQ-MY20, and QLQ-C30 domains were scored in accordance with their published guidelines. 27, 28, 32, 37, 38 Results were transformed into scales ranging from 0 to 100 for QLQ-MY20 and QLQ-C30. For the functional scales (Global Health Status and Physical Functioning), higher scores indicate better HRQoL, whereas for the symptom scales (Fatigue, Pain, Disease Symptoms, and Side Effects of Treatment), lower scores indicate a better health state. Health utility values were derived from the EQ-5D using the UK general population weights algorithm, 28 which provides a range of scores from worst imaginable health state (−0.594) to best imaginable health state (1.000).
Statistical analyses
Compliance rates at each scheduled assessment were calculated as the number of compliant patients divided by the number of patients with clinical data at that assessment. Analyses were performed on intention-to-treat patients; data cut off was May 24, 2013, corresponding to a median follow up of 37 months. In accordance with scoring requirements, patients were considered compliant if half of the questions from the QLQ-MY20 and QLQ-C30 were completed, and if all the questions from the EQ-5D were answered. Cross-sectional and longitudinal HRQoL analyses and estimation of overall treatment effects were performed and are described in detail in the Online Supplementary Appendix.
In order to assess if statistical differences translated into clinically meaningful differences/improvements, the minimal important difference (MID) associated with each domain was considered. MM-specific MIDs were applied to the QLQ-C30 and QLQ-MY20 domains: Global Health Status (MID=7); Physical Functioning (MID=9); Pain (MID=12); Fatigue (MID=10); Disease Symptoms (MID=10); and Side Effects of Treatment (MID=6). 30, 39, 40 The Walters and Brazier 41 MID of 0.07 was applied to the EQ-5D utility. Rigorous MID methods, in which the mean and 95% confidence intervals (CI) of change must meet the MID, were applied and are reported where relevant. To complement the patient-reported Side Effects of Treatment data (QLQ-MY20 domain), a selection of the most predominant and clinically meaningful hematologic and non-hematologic grade 3-4 adverse events (AEs) is presented up to 24 months for patients receiving continuous Rd. The selected AEs presented here reflect closely those in previous reports of the FIRST study.
18,19
Results
Base-line characteristics
The FIRST study randomized a total of 1623 patients to Rd (n=1,076) versus MPT (n=547). Base-line patients' characteristics were well balanced between treatment arms (Table   1) , and no statistically significant differences in HRQoL scores between groups were observed at baseline (Table 2) .
Compliance
Rates with each of the questionnaires were high, particularly at the end of Cycle 1, and after 3 and 6 months (≥84%), and were similar between treatment arms. However, at Month 12 and Month 18, compliance rates were significantly lower in the MPT arm versus the Rd arm for all questionnaires (Table 3 ). Compliance at the study discontinuation visit was the lowest (approx. 53%-59%) of all the assessment visits in both treatment arms, but was not statistically significantly different between groups ( Table 3 ).
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haematologica | 2015; 100(6) Figure 1 . Cross-sectional analysis of mean HRQoL score changes from baseline per assessment visit and at study discontinuation in the Rd and MPT arms (EORTC QLQ-C30 and QLQ-MY20 total score range 1 to 100; EQ-5D total score range -0.594 to 1.000 
HRQoL results
Statistically significant symptom relief, as measured by the QLQ-C30 Pain and Fatigue domains and QLQ-MY20 Disease Symptoms domain, was achieved in both arms. Both treatment arms showed statistically significant (P<0.05) reductions in pain (QLQ-C30 Pain and QLQ-MY20 Disease Symptoms domains) at all post-baseline assessments ( Figure 1A and B) . When an MID score of 12 for Pain (including the lower bound 95% CI) was applied, Rd demonstrated clinically meaningful improvement at Months 6 and 12, whereas MPT showed no clinically meaningful improvement. Rd demonstrated a significantly greater reduction in QLQ-MY20 Disease Symptoms compared with MPT at Month 3 (P=0.04), and an overall lower symptom score across all assessments ( Figure 1B) . The Rd arm also showed significant improvement in Fatigue from baseline at Month 3, Month 6, and Month 12 ( Figure 1A ). Although both arms showed worsening in the Side Effects of Treatment domain, as measured by the QLQ-MY20, the Rd arm showed consistently lower scores (fewer/less severe side-effects) across all post-baseline assessments, with all but Month 18 being statistically significantly (P<0.05) lower than the MPT arm ( Figure 1B) . The Side Effects of Treatment MID of 6 was not reached by any regimen; for Rd, the maximum score was 3.3 and for MPT it was 5.6.
To assess the tolerability of prolonged administration of lenalidomide and low-dose dexamethasone (continuous Rd arm), we analyzed selected grade 3-4 AEs by time of onset in the continuous Rd arm for patients who received lenalidomide for more than 24 months; the selected events occurred in 201 of 532 patients (Table 4) . During the overall study period, neutropenia was the only grade 3-4 AE
Health-related quality-of-life in multiple myeloma haematologica | 2015; 100 (6) 829 reported in 10% or over of patients receiving prolonged treatment, and was reported most frequently during the first six months. The incidence of anemia was highest during the first six months and decreased over time. Both Rd regimens and MPT improved patients' HRQoL from baseline over the duration of the study across all preselected domains of the QLQ-C30 and EQ-5D questionnaires, but HRQoL dropped at progression. Statistically significant improvement (P<0.05) from baseline was observed in both treatment arms for functional scales Global Health Status, Physical Functioning, and EQ-5D Health Utility ( Figure 1A and C) at all time points after Cycle 1. No statistically significant differences between treatment arms were reported for Global Health Status, Physical Functioning, and EQ-5D Health Utility. However, the Rd treatment arm demonstrated consistent clinically meaningful improvement in HRQoL as measured by EQ-5D at all post-baseline assessments except at Month 1. The MPT treatment arm demonstrated clinically meaningful improvement only at Month 3.
Mixed-model analysis
Results of the linear mixed-model repeated-measures analyses confirmed those observed in the cross-sectional analysis. Significant within-treatment improvements over time were observed in both treatment arms in all domains except Fatigue and Side Effects of Treatment (Figure 2A) . A significant (P<0.0001) between-group difference in mean change from baseline was observed for the Side Effects of Treatment domain in favor of the Rd arm, indicating fewer severe side effects than the MPT arm ( Figure  2B ).
Effect of age on HRQoL outcomes
We compared the difference in mean change from baseline between the Rd and MPT arms for patients aged 75 years or under (Rd, n=697; MPT, n=359) and over 75 years (Rd, n=379; MPT, n=188) in a post hoc analysis (Figure 3) . Overall, within-and between-treatment HRQoL outcomes in patients aged 75 years or under were consistent with those observed for the overall study population, except Fatigue, which significantly improved from baseline in the Rd arm (P=0.0002), but not in the MPT arm. Changes in Side Effects of Treatment on the MM-specific QLQ-MY20 questionnaire showed a statistically significant benefit (fewer/less severe side effects) for Rd over the MPT arm in both age groups (P<0.05) ( Figure 3A ). In patients aged over 75 years, Pain and Disease Symptoms both showed significant improvement across treatment arms. Rd demonstrated statistically significant improvement for Health Utility. Fatigue significantly declined in both treatment arms. Physical Functioning scores declined significantly in the MPT arm, but not in the Rd arm, and were significantly (P<0.05) better in the Rd arm versus the MPT arm ( Figure 3B ).
Discussion
We show that the improved PFS with Rd is accompanied by an improvement in HRQoL, showing both statistically significant and clinically meaningful changes from baseline. Rd showed statistical superiority to MPT in Side Effects of Treatment, and no evidence of inferiority to MPT in any of the pre-selected HRQoL domains. This finding is of importance because it demonstrates that the improved PFS in this study does not come at a cost of increased symptoms or decreased HRQoL.
The FIRST study is the largest phase III trial conducted in transplant-ineligible elderly NDMM patients to date, and the first to evaluate HRQoL in NDMM patients receiving Rd. Primary efficacy results from this study indicated that continuous Rd administration significantly improved PFS and OS at the interim analysis compared with the MPT regimen, 19 highlighting a double paradigm change in a setting in which alkylating agents and fixed-M. Delforge et al. 830 haematologica | 2015; 100(6) duration chemotherapy have long been considered treatment standards. Indeed, non-MP regimens are increasingly challenging traditional melphalan-based approaches in NDMM patients, as seen from randomized phase III trial data, including E4A03 14 and UPFRONT. 42 The observed differences in HRQoL between continuous Rd and MPT likely reflect both the good tolerability of the Rd regimen (leading to fewer side effects of treatment) and prolonged time to progression with continuous Rd. Improvements in HRQoL have previously been reported during treatment with melphalan, prednisone, lenalidomide followed by lenalidomide maintenance (MPR-R) in patients with NDMM, 39, 43 and the addition of thalidomide to MP did not negatively affect HRQoL. 44 However, our results contrast with the HRQoL trade-off reported with bortezomib in the VISTA trial, which compared MPV versus MP in NDMM patients and in which MPV had superior PFS and OS efficacy, but where patients' HRQoL was significantly compromised, especially in the first four cycles of treatment. 45, 46 In the FIRST trial, although HRQoL was improved and maintained during the progression-free state, it deteriorated when disease progression occurred, regardless of the treatment received. This finding augments the clinical importance/benefit of the prolonged PFS, and time to progression observed with Rd versus MPT, 19 as a longer PFS in this comparison is associated with better HRQoL. Rd treatment demonstrated significant improvement in the Disease Symptoms domain and significantly lower scores for the MM-specific QLQ-MY20 Side Effects of Treatment domain at specific time points versus MPT (although not to the level of MID). Improvements corresponded with a lower incidence of neurotoxicity and hematologic AEs with Rd, a higher discontinuation rate with MPT, and improved response rates with continuous Rd and Rd18 (75.1% and 73.4%, respectively, versus 62.3% with MPT), as seen in the primary efficacy data. 19 Treatment with MPT was associated with greater HRQoL worsening in the Side Effects of Treatment domain compared with Rd treatment. Indeed, higher rates of grade 3-4 neutropenia, leukopenia, constipation, and peripheral neuropathy were observed in the MPT arm, 19 which may explain the lower rate of HRQoL compliance among patients randomized to MPT. Indeed, previous studies have reported that the addition of thalidomide to MP results in increased grade 3-4 toxicity. 6, 47 In our study, the Rd doublet regimen was better tolerated than MPT over time. Patients who received MPT discontinued treatment sooner and experienced AEs leading to study drug discontinuation prior to PD more frequently than those randomized to Rd. 19 We have now shown that HRQoL improved after treatment initiation and was generally maintained while patients were progression-free, but deteriorated with PD. The HRQoL decrease upon PD captured quantitatively here is also consistent with qualitative results on the burden of relapse on MM patients' emotional and physical well-being. 48 This adds additional support to the validity of the HRQoL measures included in the FIRST trial; further evidence of their reliability was also seen in the similarity in base-line scores between the FIRST, VISTA, 45 and HOVON 49 49 studies.
Analysis by age showed that, compared with MPT, Rd treatment did not negatively affect general HRQoL in patients aged over 75 years. Indeed, only Rd showed a statistically significant improvement in EQ-5D Health Utility in this age group, and also showed significantly less worsening of Physical Functioning scores compared with MPT. Both treatment arms showed improvement in the pain scales.
The sustained improvement in HRQoL reported in the present study is indicative of good tolerability. One caveat, however, is that we did not collect HRQoL data beyond 18 months of treatment; therefore, we are unable to draw conclusions on the effects of long-term continuous Rd
Health-related quality-of-life in multiple myeloma haematologica | 2015; 100 (6) 831 treatment on patients' HRQoL. This is of particular significance as, in addition to the FIRST trial, several clinical studies support the value of continuous versus fixed-duration treatment, making it important that the improved clinical outcomes do not come at the cost of reduced HRQoL. To try to answer this question, we carried out an exploratory analysis to look for trends in AEs during up to two years of treatment. The analysis did not show an increase in incidence of AEs during Months 18-24, suggesting that, from the perspective of side effects, HRQoL does not deteriorate beyond 18 months of treatment. Furthermore, during the MM-015 phase III trial, with a median follow up of 30 months, more patients treated with MPR-R achieved minimal important improvements in HRQoL outcomes compared with those on MP, and there were no significant differences in HRQoL outcomes between patients on continuous treatment versus placebo. 39, 43 Although not all the statistically significant changes reached the MID threshold, Rd showed evidence of clinically meaningful improvement in Pain and in HRQoL as measured by EQ-5D, whereas MPT failed to demonstrate a clinically meaningful improvement in any domain (with the exception of 1 time point in EQ-5D). Neither treatment showed a clinically significant worsening of HRQoL in any domain. With regard to the Side Effects of Treatment domain, MID analysis showed that patients in the MPT arm approached the negative MID threshold of 6, whereas those in the Rd arm did not.
Future analyses should investigate MID at the individual patient level to understand what proportion of patients experienced a clinically meaningful improvement in each treatment group and whether there is a difference between groups.
In summary, efforts to improve progression-free intervals and survival are essential in the case of an incurable disease such as MM. However, it is just as important to ensure that a patient's HRQoL is maintained and not compromised during the extended survival period and that the side-effects of treatment are not worse than the disease symptoms. Continuous lenalidomide treatment has been shown to further improve PFS and disease outcomes, and improved survival rates have been reported in NDMM patients in recent years. The manageable and favorable toxicity and HRQoL profiles of Rd versus MPT may facilitate patient adherence, positioning the alkylator-free oral Rd regimen as a very efficient and well-tolerated treatment in a first-line setting. Our results further establish the combination of lenalidomide and low-dose dexamethasone as a new standard of care for initial therapy of myeloma by demonstrating superior QoL during treatment compared with MPT, although longerterm follow up data (>18 months) on cumulative toxicity and HRQoL are needed. 50 
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